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Abstract
Objectives
To examine the associations of Intimate partner violence (IPV) with stress-related sleep dis-
turbance (measured using the Ford Insomnia Response to Stress Test [FIRST]) and poor
sleep quality (measured using the Pittsburgh Sleep Quality Index [PSQI]) during early
pregnancy.
Methods
This cross-sectional study included 634 pregnant Peruvian women. In-person interviews
were conducted in early pregnancy to collect information regarding IPV history, and sleep
traits. Adjusted odds ratios (aOR) and 95% confidence intervals (95%CIs) were calculated
using logistic regression procedures.
Results
Lifetime IPV was associated with a 1.54-fold increased odds of stress-related sleep distur-
bance (95% CI: 1.08–2.17) and a 1.93-fold increased odds of poor sleep quality (95% CI:
1.33–2.81). Compared with women experiencing no IPV during lifetime, the aOR (95% CI)
for stress-related sleep disturbance associated with each type of IPV were: physical abuse
only 1.24 (95% CI: 0.84–1.83), sexual abuse only 3.44 (95%CI: 1.07–11.05), and physical
and sexual abuse 2.51 (95% CI: 1.27–4.96). The corresponding aORs (95% CI) for poor
sleep quality were: 1.72 (95% CI: 1.13–2.61), 2.82 (95% CI: 0.99–8.03), and 2.50 (95% CI:
1.30–4.81), respectively. Women reporting any IPV in the year prior to pregnancy had
increased odds of stress-related sleep disturbance (aOR = 2.07; 95% CI: 1.17–3.67) and
poor sleep quality (aOR = 2.27; 95% CI: 1.30–3.97) during pregnancy.
Conclusion
Lifetime and prevalent IPV exposures are associated with stress-related sleep disturbance
and poor sleep quality during pregnancy. Our findings suggest that sleep disturbances may
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be important mechanisms that underlie the lasting adverse effects of IPV on maternal and
perinatal health.
Introduction
Intimate partner violence (IPV), encompassing physical, psychological and sexual abuse, is a
serious public health problem that affects women worldwide. The US Centers for Disease Con-
trol and Prevention reported that 24.6% of women experience sexual violence (including rape)
by an intimate partner during their lifetime, while 15.8% of women experience severe physical
abuse by an intimate partner [1]. Globally, IPV prevalence estimates varies from 15% to 71%
[2]. A multi-county study indicated that between 20% and 68% of women, aged 15–49 years,
reported experiencing sexual and/or physical violence in their lifetime, by a male intimate part-
ner [3]. IPV has also been shown to affect women’s physical and mental health, reduce sexual
autonomy and increase the overall risk of unintended pregnancies and multiple abortions [2, 4,
5]. Women who report experiencing IPV during pregnancy have elevated odds of adverse
reproductive outcomes, including preeclampsia, abnormal vaginal bleeding and spontaneous
abortion or miscarriage [2, 5–8]. Furthermore, pregnant women experiencing IPV have ele-
vated levels of mood and anxiety disorders [9], hyperarousal and chronic stress [10].
Recently, investigators have postulated that neuroendocrine and physiological changes
common to pregnancy and parturition as well as social and environmental stressors such as
IPV may contribute to reductions in sleep quality and increased risks of insomnia among preg-
nant women [9, 11, 12]. While there is extensive research pertaining to risks of adverse mental,
physical and reproductive health outcomes among women exposed to IPV, few investigators
have explored associations of sleep-disturbances and sleep-quality among victims of IPV.
Recently, Woods and colleagues reported that victims of IPV experience elevated risks of sleep
disturbances, stemming from heightened vigilance and anticipation of violence while asleep
[12]. Notably, these observations are consistent with a high incidence of post-traumatic stress
disorder and major depression among women who experienced IPV [12, 13]. In the World
Health Organization [14] multi-country study on domestic violence, Peru is one of the coun-
tries surveyed with a high prevalence of intimate partner violence. Consistent with the WHO
report, a recent study conducted among pregnant women in Lima Peru found that the lifetime
prevalence of any IPV to be 45.1% [15].Given the high prevalence of IPV and that emerging lit-
erature suggest important associations of sleep disturbances with IPV exposure, we used data
from a large study of low-income pregnant Peruvian women to assess the extent to which, if at
all, maternal IPV experience is associated with stress-related sleep disturbance and poor sleep
quality in early pregnancy. An understanding of these relationships is of particular interest
given the high burden of gender-based violence and associated adverse mental and physical
health outcomes in this population [16, 17]; and opportunities to provide trauma-informed
care to affected women during the antepartum period.
Methods
Study Population
This cross-sectional study was a part of the Pregnancy Outcomes, Maternal and Infant Study
(PrOMIS) Cohort, an ongoing prospective cohort study of pregnant women enrolled in prena-
tal care clinics at the Instituto Nacional Materno Perinatal in Lima, Peru. The INMP is a refer-
ral hospital for maternal and perinatal care in Lima, Peru. The study population for this report
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is derived from information collected from those participants who enrolled in the PrOMIS
Cohort Study between October 2013 and February 2014. The study population included preg-
nant women who were 18–49 years of age, who spoke and understood Spanish, and who initi-
ated prenatal care prior to 16 weeks gestation. Written informed consent was obtained from all
participants. The Institutional Review Boards from the Instituto Nacional Materno Perinatal,
Lima, Peru and the Human Research Administration Office at Harvard T.H. Chan School of
Public Health, Boston, MA approved all procedures used in this study.
Analytical Population
During the period 758 eligible women were approached, and 652 (86%) agreed to participate.
Eighteen participants were excluded from the present analysis because of missing information
concerning experience with abuse in childhood, prevalent IPV and/or information concerning
sleep traits. The 18 participants excluded from this analysis did not differ in regards to sociode-
mographic and lifestyle characteristics as compared with those included. A total of 634 women
remained for analysis.
Data Collection and Variable Specification
Using a structured questionnaire, participants were interviewed by trained research personnel
in a private setting. Information regarding maternal socio-demographic and lifestyle character-
istics, medical and reproductive history, childhood abuse, intimate partner violence (IPV), and
sleep traits was collected. The questionnaire, originally written in English, was translated into
Spanish by a team of native Spanish speakers with experience in sleep research. To ensure
proper expression and conceptualization of terminologies in local contexts, the translated ver-
sion was back-translated and modified until the back-translated version was comparable with
the original English version
Intimate Partner Violence Assessment
Questions pertaining to IPV were adapted from the protocol of Demographic Health Survey
Questionnaires and Modules: Domestic Violence Module [18] and the World Health Organi-
zation (WHO) Multi-Country Study on Violence Against Women [3]. Participants were
assessed for a range of physical and/or sexual coercive acts used against them by a current or
former spouse or intimate partner without their consent during their life time and 12 months
before pregnancy. Women were classified as having experienced moderately severe physical
violence if they endorsed any of the following acts: being slapped, having their arms twisted or
something thrown at them, being pushed or shoved. Participants were classified as having
experienced severe physical violence if they reported experiencing any of the following acts:
being hit, kicked, dragged or beaten up, being choked or burnt on purpose, or being threatened
or hurt with a weapon (such as, gun, knife, or other object). Participants were classified as hav-
ing experienced sexual violence if they endorsed any of the following: being physically forced
to have sexual intercourse, having had unwanted sexual intercourse because of fear of what the
partner might do, and being forced to perform other sexual acts that the respondent found
degrading or humiliating. Consistent with the WHOMulti-Country Studies [3], women were
categorized as having experienced one or more acts of physical or sexual violence, physical vio-
lence only, sexual violence only, or both physical and sexual violence at any time from a current
or former male partner during their lifetime and 12 months before pregnancy.
All study personnel were trained on interviewing skills, contents of the questionnaire, and
ethical conduct of violence research (including issues of safety and confidentiality). Interview-
ers were trained to refer participants found to be in physically dangerous situations and/or in
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immediate need of counseling to psychologists at local women’s organizations, hospital psychi-
atrists, and battered women’s shelters.
Vulnerability for Stress-Related Sleep Disturbances
We used the Ford Insomnia Response to Stress Test (FIRST), standardized self-rating ques-
tionnaire, to measure the likelihood of the occurrence of sleep disturbance in response to com-
monly experienced stressors [19]. FIRST has been shown to be a sensitive measure of
vulnerability to sleep disturbance and to have a very high test-retest reliability (0.92) [19]. The
instrument has been shown to yield valid measures of vulnerability to sleep disturbances in
normal non-insomniac individuals using polysomnographic assessment [19]. The instrument
includes nine items asking about the likelihood of sleep disruption due to specific stressful situ-
ations and more broadly described periods of stress occurring during the day or evening. The
possible responses and corresponding score included: not likely = 1, somewhat likely = 2, mod-
erately likely = 3 and very likely = 4. The total score ranges from 9 to 36. High scores on the
FIRST indicate greater vulnerability to sleep disruption [20]. Consistent with prior studies, we
used the median score (12) to define high and low FIRST score groups [20–24].
Sleep Quality Assessment
We used the Pittsburgh Sleep Quality Index (PSQI), a 19-item, self-rated questionnaire to
assess maternal early pregnancy sleep quality [25]. The PSQI has seven sleep components:
sleep duration, disturbance, latency, habitual sleep efficiency, use of sleep medicine, daytime
dysfunction due to sleepiness and overall quality of sleep. Each component produced a score
ranging from 0 to 3, where a score of 3 indicates the highest level of dysfunction. A global sleep
quality score was obtained by summing the individual component scores (range 0 to 21) with
higher scores indicative of poorer sleep quality during the previous month. Participants with
global scores that exceed 5 were classified as poor sleepers, and those with a score of 5 or less
were classified as good sleepers [25]. This classification scheme is consistent with prior studies
including those conducted in Peru [26–28].
Antepartum Depression
The PHQ-9 was used to evaluate maternal antepartum depression [29]. The PHQ-9 is a 9-item
questionnaire has a demonstrated reliability and validity for assessing depressive disorders
among a diverse group of obstetrics-gynecology patients [30], and in Spanish-speaking Peru-
vian women [31]. The PHQ-9 instrument asks respondents to rate the relevancy of each state-
ment comprising emotional, cognitive, and functional somatic symptoms over the past two
weeks on a four-point scale (a) never; (b) several days; (c) more than half the days; or (d) nearly
every day. The PHQ-9 total score is the sum of scores for the nine items for each woman, and
ranged from 0–27. We defined presence of antepartum depression based upon total PHQ-9
score, (a) no depressive symptoms (0–9) and (b) antepartum depression (10–27) [29]. A meta-
analysis of 14 studies supports the use of a PHQ-9 score of10 to classify subjects with major
depressive disorder [32].
Other Covariates
Participants’ age was categorized as follows: 18–20, 20–29, 30–34, and35 years [16, 17].
Other sociodemographic variables were categorized as follows: educational attainment (6,
7–12, and>12 completed years of schooling); maternal ethnicity (Mestizo vs. other); marital
status (married or living with partner vs. other); employment status (employed vs. not
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employed); access to basic foods (hard vs. not very hard); parity (nulliparous vs. multiparous);
planned pregnancy (yes vs. no); and early pregnancy body mass index (BMI) (<18.5 kg/m2,
18.5–24.9 kg/m2, 25–29.9 kg/m2, and30 kg/m2). Early pregnancy BMI values were based on
maternal weight and height measured by trained research personnel.
Statistical Analysis
Frequency distributions of maternal sociodemographic and reproductive characteristics were
examined. Chi-square tests for categorical variables and analysis of variance (ANOVA) for
continuous variables were conducted to determine whether there were statistically significant
differences in the association between sociodemographic and reproductive characteristics and
exposure to any intimate partner violence in the 12 months preceding pregnancy. Multivariate
adjusted logistic regression procedures were used to calculate maximum likelihood estimates of
odds ratios (ORs) and 95% confidence intervals (CIs) of vulnerability to stress-related sleep dis-
turbance and poor sleep quality, respectively, in relation to IPV exposure. Furthermore, to
assess the joint and independent effect of intimate partner abuse and depression on risk of
sleep disturbance, we categorized participants into four groups based on combinations of IPV
and depression status. The four resulting categories were as follows: (1) no abuse and no
depression, (2) abuse only, (3) depression only, and (4) abuse and depression combined.
Women with no abuse and no depression comprised the reference group, against which
women in the other three categories were compared. We included covariates of a priori interest
(i.e., maternal age, education, ethnicity, parity and difficulty paying for the basics) in the final
multivariate adjusted logistic regression models. All statistical analyses were performed using
SAS 9.4 (SAS Institute, Cary, NC, USA). The level of statistical significance was set at P-value
< 0.05, and all tests were two-sided.
Results
Sociodemographic and reproductive characteristics of the study population are summarized in
Table 1. Approximately 33.0% of study participants reported a history of lifetime exposure to
intimate partner violence. Participants who were ever exposed to physical or sexual abuse by
an intimate partner, had fewer years of formal education, were more likely to have a difficulty
paying for basic needs, and to be nulliparous as compared with those who were not abused.
Participants were similar with regards to gestational age at interview.
Stress-Related Sleep Disturbances
Table 2 summarizes results from our analysis of early pregnancy stress-related sleep distur-
bance in relation to maternal history of lifetime and prevalent (12 month prior to the index
pregnancy) exposure to IPV. Women with a history of experiencing any abuse by an intimate
partner in their lifetime had 1.54-fold increased odds of stress-related sleep disturbances
(aOR = 1.54; 95% CI: 1.08–2.17) after adjustment for maternal age, race, parity, and difficulty
paying for basics. We assessed the odds of stress-related sleep disturbances according to type of
abuse experienced. Compared with women who reported no lifetime history of intimate part-
ner abuse, those who experienced lifetime sexual abuse only (aOR = 3.44; 95% CI: 1.07–11.05)
and lifetime physical and sexual abuse (aOR = 2.51; 95% CI: 1.27–4.96) had elevated odds of
stress-related sleep disturbances. Associations of stress-related sleep disturbances with mater-
nal exposure to IPV during the past year were generally similar in direction as lifetime IPV
(Table 2, lower panel). Compared with women who had no IPV in the 12 months prior to
pregnancy, those who suffered from any IPV in that time period had a 2.07-fold increased
odds of stress-related sleep disturbances (aOR = 2.07; 95% CI: 1.17–3.67).
Intimate Partner Violence and Sleep Disturbances in Pregnancy
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We conducted multivariate analyses to assess the independent and joint associations of
maternal lifetime IPV exposure and antepartum depression with the odds of stress-related
sleep disturbance (Table 3). Women with antepartum depression only (classified as having no
lifetime history of IPV) had a 3.82-fold increased odds of stress-related sleep disturbance
(aOR = 3.82, 95% CI: 2.27–6.11) as compared with women who had no lifetime history of IPV
and no antepartum depression (the referent group). The aOR for women with IPV only (no
antepartum depression) was 1.14 (95% CI: 0.75–1.73) when compared with the referent group,
and this weak association was not statistically significant. Women with a history of IPV and
antepartum depression had a 9.28-fold increased odds of stress-related sleep disturbance
(aOR = 9.28; 95% CI: 4.53–19.02) as compared with the referent group. The excess odds of
stress-related sleep disturbance associated with a IPV and antepartum depression was greater
than the sum of the excess odds for each risk factor considered independently, suggesting a
greater-than-additive association of IPV and depression on the odds of stress-related sleep
Table 1. Socio-demographic and reproductive characteristics of the study population by types of lifetime intimate partner violence in Lima, Peru
(N = 634).
Characteristics All
participants
No physical
or sexual
abuse
Physical
abuse only
Sexual
abuse only
Physical
and sexual
abuse
P-value
(N = 634) (N = 425) (N = 148) (N = 15) (N = 46)
n % n % n % n % n %
Age (years) 1 28.7 ± 6.5 28.4 ± 6.2 29.3 ± 7.2 28.7 ± 7.0 29.9 ± 6.9 0.34
Age (years)
18–20 19 3.0 11 2.6 4 2.7 1 6.7 3 6.5 0.09
20–29 339 53.5 237 55.8 74 50.0 7 46.7 21 45.7
30–34 141 22.2 101 23.8 30 20.3 3 20.0 7 15.2
35 135 21.3 76 17.9 40 27.0 4 26.7 15 32.6
Education (years)
6 26 4.1 14 3.3 9 6.1 1 6.7 2 4.3 0.009
7–12 326 51.4 207 48.7 82 55.4 4 26.7 33 71.7
>12 281 44.3 203 47.8 57 38.5 10 66.7 11 23.9
Mestizo ethnicity 472 74.4 318 74.8 113 76.4 12 80.0 29 63.0 0.30
Married/living with a partner 505 79.7 346 81.4 117 79.1 10 66.7 32 69.6 0.19
Employed 315 49.7 204 48.0 78 52.7 11 73.3 22 47.8 0.22
Access to basic foods
Hard 308 48.6 183 43.1 82 55.4 9 60.0 34 73.9 0.0001
Not very hard 326 51.4 242 56.9 66 44.6 6 40.0 12 26.1
Nulliparous 294 46.4 223 52.5 51 34.5 7 46.7 13 28.3 0.0002
Planned pregnancy 262 41.3 178 41.9 55 37.2 6 40.0 23 50.0 0.51
Gestational age at interview1 9.1 ± 3.6 9.0 ± 3.5 9.3 ± 3.9 8.1 ± 2.8 10.2 ± 3.5 0.12
Early pregnancy body mass index (kg/m2)
<24.9 304 47.9 211 49.6 67 45.3 8 53.3 18 39.2 0.76
25–29.9 233 36.8 150 35.3 57 38.5 6 40.0 20 43.5
30 86 13.6 56 13.2 21 14.2 1 6.7 8 17.4
Due to missing data, percentages may not add up to 100%.
1 mean ± SD (standard deviation)
For continuous variables, P-value was calculated using the ANOVA; for categorical variables, P-value was calculated using the Chi-square test or the
Fisher’s exact test.
doi:10.1371/journal.pone.0152199.t001
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disturbance. The multiplicative interaction term did not reach statistical significance. However,
the excess risk of stress-related sleep disturbance associated with abuse and depression was
greater than the sum of the excess risk for each risk factor considered independently. For
instance for lifetime IPV, there was evidence of a greater-than-additive effect between abuse
and depression on the risk of stress-related sleep disturbance (synergy index = 2.79 (95%CI
1.04–7.46), p = 0.04). Similar associations were observed when we considered maternal recent
exposure with IPV (bottom panel of Table 3).
Sleep Quality
We next assessed the maternal early pregnancy sleep quality in relation to her lifetime and past
year experience with IPV. As shown in Table 4, a lifetime history of any IPV was associated
with a 1.93-fold increased odds of poor sleep quality (aOR = 1.93; 95% CI: 1.33–2.81). The
odds of poor sleep quality was elevated irrespective of the type of abuse experienced (e.g., phys-
ical only, sexual only or both physical and sexual abuse). Similar associations were observed
when we considered odds of poor sleep quality in relation to maternal recent experiences with
IPV (Table 4, bottom panel). The odds of poor sleep quality appeared to be most strongly
associated with maternal experience with sexual abuse only (aOR = 10.37; 95% CI: 2.16–49.91)
and physical and sexual abuse (aOR = 5.09; 95% CI: 0.95–27.40), although these estimates are
statistically unstable as evidenced by the very wide 95% confidence intervals.
Table 2. Association between intimate partner violence and stress-related sleep disturbance assessed by the Ford Insomnia Response to Stress
Test (FIRST-S) during pregnancy (N = 634).
Intimate partner violence Low FIRST
scores 1
High FIRST scores 1
(N = 324) (N = 310)
n % n % Unadjusted OR (95% CI) Adjusted OR (95% CI) 2
Lifetime
No abuse 234 72.2 191 61.6 Reference Reference
Any abuse 90 27.8 119 38.4 1.62 (1.16, 2.26) 1.54 (1.08, 2.17)
Types of abuse
No abuse 234 72.2 191 61.6 Reference Reference
Physical abuse only 72 22.2 76 24.5 1.29 (0.89, 1.88) 1.24 (0.84, 1.83)
Sexual abuse only 4 1.2 11 3.5 3.37 (1.06, 10.75) 3.44 (1.07, 11.05)
Physical & sexual abuse 14 4.3 32 10.3 2.80 (1.45, 5.40) 2.51 (1.27, 4.96)
12 months before pregnancy
No abuse 302 93.2 271 87.4 Reference Reference
Any abuse 21 6.5 39 12.6 2.07 (1.19, 3.61) 2.07 (1.17, 3.67)
Types of abuse
No abuse 302 93.2 271 87.4 Reference Reference
Physical abuse only 18 5.6 25 8.1 1.55 (0.83, 2.90) 1.60 (0.83, 3.06)
Sexual abuse only 1 0.3 9 2.9 10.03 (1.26, 79.68) 9.94 (1.24, 79.63)
Physical & sexual abuse 2 0.6 5 1.6 2.79 (0.54, 14.48) 2.22 (0.41, 11.96)
Abbreviations: OR, odds ratio; CI, conﬁdence interval
1 Low and high FIRST-S scores were deﬁned based on the median score (12) of the FIRST at interview among this study population.
2 Adjusted for maternal age (years) at interview, maternal ethnicity (Mestizo vs. other), parity (nulliparous vs. multiparous), and difﬁculty paying for the very
basics (hard vs. not very hard)
doi:10.1371/journal.pone.0152199.t002
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We next assessed the independent and joint associations of history of IPV and antepartum
depression with the odds of maternal poor sleep quality during early pregnancy. As shown in
Table 5 those with antepartum depression (but without lifetime history of IPV) had a 5.69-fold
increased odds of poor sleep quality (aOR = 5.69; 95% CI: 3.36–9.64) as compared with women
who had no history of IPV and who did not have antepartum depression (the referent group).
The aOR for women with a history of IPV only (no antepartum depression) was 1.71 (95% CI
1.04–2.81) when compared with the referent group. Women with a history of IPV and antepar-
tum depression had a 9.36-fold increased odds of poor sleep quality (aOR = 9.36; 95% CI 5.18–
16.93). The multiplicative interaction term was not statistically significant (P-value = 0.93)
although some evidence of a greater-than-additive effect between abuse and depression on the
risk of poor sleep quality was noted (synergy index = 1.55 (95%CI 0.74–3.24), p = 0.04). Associ-
ations of similar directions and magnitudes were observed when we considered maternal odds
of poor sleep quality in relation to recent experiences with IPV and antepartum depression
(Table 5, bottom panel).
Discussion
We found that women who experienced IPV in their lifetime were more likely to have stress-
related sleep disturbance (aOR = 1.54; 95% CI: 1.08–2.17) and poor sleep quality (aOR = 1.93;
95% CI: 1.33–2.81) as compared with their counterparts who did not experience IPV. Women
reporting any IPV in the year prior to pregnancy had increased odds of stress-related sleep dis-
turbance (aOR = 2.07; 95% CI: 1.17–3.67) and poor sleep quality (aOR = 2.27; 95% CI:
Table 3. Association between intimate partner violence, depression1 assessed by the Patient Health Questionnaire-9 (PHQ-9), and stress-related
sleep disturbance assessed by the Ford Insomnia Response to Stress Test (FIRST-S) during pregnancy (N = 631).
Intimate partner violence Low FIRST
scores 2
High FIRST scores 2
(N = 323) (N = 308)
n % n % Unadjusted OR (95% CI) Adjusted OR (95% CI) 3
Lifetime
No abuse, no depression 206 63.8 129 41.9 Reference Reference
No abuse, depression 27 8.4 60 19.5 3.55 (2.14, 5.88) 3.82 (2.27, 6.44)
Abuse, no depression 80 24.8 61 19.8 1.22 (0.82, 1.82) 1.14 (0.75, 1.73)
Abuse, depression 10 3.1 58 18.8 9.26 (4.57, 18.76) 9.28 (4.53, 19.02)
P-value for interaction 0.10 0.11
12 months before pregnancy
No abuse, no depression 268 83.0 171 55.5 Reference Reference
No abuse, depression 33 10.2 98 31.8 4.65 (3.00, 7.22) 5.10 (3.24, 8.03)
Abuse, no depression 17 5.3 19 6.2 1.75 (0.89, 3.46) 1.90 (0.94, 3.84)
Abuse, depression 4 1.2 20 6.5 7.84 (2.63, 23.31) 7.82 (2.59, 23.65)
P-value for interaction 0.95 0.76
Three women were excluded due to missing information on depression.
Abbreviations: OR, odds ratio; CI, conﬁdence interval
1 Depression was deﬁned as the PHQ-9  10.
2 Low and high FIRST-S scores were deﬁned based on the median score (12) of the FIRST at interview among this study population.
3 Adjusted for maternal age (years) at interview, maternal ethnicity (Mestizo vs. other), parity (nulliparous vs. multiparous), and difﬁculty paying for the very
basics (hard vs. not very hard)
doi:10.1371/journal.pone.0152199.t003
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1.30–3.97) during pregnancy. These associations were particularly pronounced among women
with antepartum depression.
To our knowledge, this is the first study to examine the relationship between maternal IPV
victimization and stress-related sleep disturbance during pregnancy. Our results, however, are
in general agreement with a number of prior studies that have assessed associations of mea-
sures of sleep disturbances and sleep patterns with IPV victimization [10, 33–36]. For example,
in an early descriptive study, Saunders reported that 78% of 192 battered women endorsed hav-
ing trouble sleeping [34]. In another study of IPV victims living in a battered women’s shelter,
Humphreys and colleagues [33] found that 82% of participants endorsed having disturbed
sleep patterns with frequent night time awakenings as would be seen among individuals with
clinically diagnosed sleep disorders. Furthermore, in a study of 609 women in Kentucky, USA,
Walker and colleagues noted that victims of IPV (who had protective orders against their abu-
sive partners) reported sleeping an average of 5.7 hours per night (standard deviation = 1.67
hours) [10]. Collectively, these early descriptive studies provide evidence of a high prevalence
of sleep disturbances including short sleep duration among victims of IPV. This is particularly
concerning given the high prevalence of IPV reported among Peruvian women. A recent study
in Peru by Perales et al found the prevalence of physical and sexual violence during pregnancy
to be 11.9% and 3.9%, respectively [15]. Our current findings coupled with high burden of IPV
in Peru reiterate the need for concerted global health efforts in preventing violence.
Table 4. Association between intimate partner violence and sleep quality assessed by the Pittsburgh Sleep Quality Index (PSQI) during pregnancy
(N = 634).
Intimate partner violence Good sleep
quality
Poor sleep quality
(PSQI > 5)
(N = 456)
(PSQI  5) (N = 178)
n % n % Unadjusted OR (95% CI) Adjusted OR (95% CI) 1
Lifetime
No abuse 326 71.5 99 55.6 Reference Reference
Any abuse 130 28.5 79 44.4 2.00 (1.40, 2.87) 1.93 (1.33, 2.81)
Types of abuse
No abuse 326 71.5 99 55.6 Reference Reference
Physical abuse only 96 21.1 52 29.2 1.78 (1.19, 2.68) 1.72 (1.13, 2.61)
Sexual abuse only 8 1.8 7 3.9 2.88 (1.02, 8.15) 2.82 (0.99, 8.03)
Physical & sexual abuse 26 5.7 20 11.2 2.53 (1.36, 4.73) 2.50 (1.30, 4.81)
12 months before pregnancy
No abuse 424 93.0 149 83.7 Reference Reference
Any abuse 31 6.8 29 16.3 2.66 (1.55, 4.57) 2.27 (1.30, 3.97)
Types of abuse
No abuse 424 93.0 149 83.7 Reference Reference
Physical abuse only 27 5.9 16 9.0 1.69 (0.88, 3.22) 1.42 (0.72, 2.81)
Sexual abuse only 2 0.4 8 4.5 11.38 (2.39, 54.20) 10.37 (2.16, 49.91)
Physical & sexual abuse 2 0.4 5 2.8 7.11 (1.37, 37.05) 5.09 (0.95, 27.40)
Abbreviations: OR, odds ratio; CI, conﬁdence interval
1 Adjusted for maternal age (years) at interview, maternal ethnicity (Mestizo vs. other), parity (nulliparous vs. multiparous), and difﬁculty paying for the very
basics (hard vs. not very hard)
doi:10.1371/journal.pone.0152199.t004
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A number of analytical epidemiological studies have assessed associations of sleep distur-
bances with IPV victimization after adjusting for multiple confounding factors. In their study
of 208 South Asian women in Greater Boston, Hurwitz et al [36] reported that women who
were abused by their current intimate partners, as compared with those who were not abused
had a 2.1-fold increased odds of sleep disturbance (95% CI: 1.0–4.2) after multivariate adjust-
ment for recency of immigration and income. This association was recently corroborated by
Newton and colleagues [37] who reported a strong statistically significant association of IPV
victimization and risk of poor sleep quality. In their study of 199 women recruited from the
general community, Newton et al reported that participant history of IPV was associated with
a 3.91-fold (95% CI: 1.75–8.73) increased odds of poor sleep quality (as measured using the
PSQI) after controlling for stressful life events, vasomotor symptoms, marital status, annual
household income and a number of other covariates [37]. Our study findings among pregnant,
Peruvian women corroborate these earlier reports and extend the literature by documenting
increased odds of stress-related sleep disturbances and poor sleep quality in relation to lifetime
and current IPV victimization and type of victimization. Another important point that merits
consideration is exposure to IPV leading to developments of post-traumatic stress disorder
(PTSD) and depressive disorders of which sleep disturbance is a symptom. Although PTSD
was not assessed in the present study, the associations between IPV and sleep disturbances
were more pronounced among women with antepartum depression. Woods et al in their study
among victims of IPV found that PTSD symptoms statistically significantly associated with
subjective sleep quality (β = .33, p<0.01) [12]. Similar finding was reported by other
Table 5. Association between intimate partner violence, depression1 and stress-related sleep disturbance assessed by the Pittsburgh Sleep Qual-
ity Index (PSQI) during pregnancy (N = 631).
Intimate partner violence Good sleep
quality
Poor sleep quality
(PSQI > 5)
(N = 454)
(PSQI  5) (N = 177)
n % n % Unadjusted OR (95% CI) Adjusted OR (95% CI) 2
Lifetime
No abuse, no depression 282 62.1 53 29.9 Reference Reference
No abuse, depression 42 9.3 45 25.4 5.70 (3.41, 9.52) 5.69 (3.36, 9.64)
Abuse, no depression 106 23.3 35 19.8 1.76 (1.09, 2.84) 1.71 (1.04, 2.81)
Abuse, depression 24 5.3 44 24.9 9.75 (5.48, 17.38) 9.36 (5.18, 16.93)
P-value for interaction 0.95 0.93
12 months before pregnancy
No abuse, no depression 364 80.2 75 42.4 Reference Reference
No abuse, depression 58 12.8 73 41.2 6.11 (3.99, 9.34) 6.10 (3.94, 9.44)
Abuse, no depression 23 5.1 13 7.3 2.74 (1.33, 5.66) 2.38 (1.12, 5.06)
Abuse, depression 8 1.8 16 9.0 9.71 (4.01, 23.5) 8.30 (3.36, 20.49)
P-value for interaction 0.36 0.36
Three women were excluded due to missing information on depression.
Abbreviations: OR, odds ratio; CI, conﬁdence interval
1 Depression was deﬁned as the PHQ-9  10.
2 Adjusted for maternal age (years) at interview, maternal ethnicity (Mestizo vs. other), parity (nulliparous vs. multiparous), and difﬁculty paying for the very
basics (hard vs. not very hard)
doi:10.1371/journal.pone.0152199.t005
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investigators [13]. Taken together, available evidence indicates the long lasting impact of trau-
matic events as precipitating or exacerbating factors for sleep disturbances.
Several hypotheses have been posited to explain observed associations of poor sleep quality
with a history of IPV victimization. Some authors have argued that heightened physiological
arousal concomitant with psychological distress secondary to IPV victimization may contrib-
ute to poor sleep quality [38]. Available evidence supports this hypothesis as elevated cortico-
tropin-releasing hormone (CRH) has been shown to lead to hyperactivity of the hypothalamic-
pituitary-adrenal (HPA) axis, which is associated with sleep disturbances [39, 40]. Yet other
investigators have suggested that traumatic brain injury attributable to IPV may account for
observed associations of IPV victimization and altered sleep patterns. For instance, investiga-
tors have proposed that IPV-induced alterations in the amygdala, which is responsible for reg-
ulating mood and the medial prefrontal cortex, may lead to diminished coping skills,
maladaptive behaviors and contribute to exacerbating sleep disturbances and poor sleep quality
[41]. Additional research is warranted to more thoroughly examine these and other mecha-
nisms hypothesized to account for observed associations of exposure to stressors, including
IPV, with poor sleep quality.
Several limitations must be considered when interpreting the results of our study. First, inti-
mate partner abuse was assessed based on self-report; and so we cannot rule out the influence
of errors in recall of lifetime and prevalent IPV experiences. Ellsberg and colleagues have noted
that study participants are likely to minimize experiences of past abuse rather than suggest that
they had experienced abuse in their lifetime [42]. Hence, errors in maternal recall of IPV expe-
riences in our study may have led to an underestimation of reported odds ratios. Furthermore,
our use of well-trained interviewers who were blinded to specific study hypotheses and who
used standard questionnaires to collect information from all study participants helped to miti-
gate the likelihood of systematic reporting errors in our study. Second, our use of self-reported
data for subjective measures of sleep disturbances and other covariates may have introduced
some degree of measurement error. Future studies that collect objective measures of sleep pat-
terns and sleep quality (using polysomnography or actigraphy) may overcome concerns about
these potential errors. Third, the effect of psychological abuse was not assessed in this study
which may lead to an attenuation of the true association towards the null value. As a result, the
magnitude of associations reported in our study tend to be conservative estimates. Finally, the
participants in this study were pregnant women living in Lima, Peru and thus, the results may
not be generalizable to other populations. The facts that our results are similar to those
reported by others [36, 37], however, serve to mitigate these concerns.
Several strengths of our study merits discussion. First, our large sample size and the high
prevalence of sleep disturbances, gave us sufficient statistical power to study the associations of
interest. Second, we completed multivariable logistic regression analyses that accounted for
potential confounding by sociodemographic factors; and we assessed the independent and
joint contributions of IPV victimization and antepartum depression on odds of stress-related
sleep disturbances and poor sleep quality. Lastly, our use of multiple measures for sleep distur-
bances, including our novel use of the Ford Insomnia Response to Stress Test to assess mater-
nal vulnerability to stress-related sleep disturbance, extends the literature and recognizes the
multi-faceted nature of sleep health among pregnant women.
The adverse effects of IPV on women’s physical, sexual, and reproductive and mental health
have been well documented, although few have focused on sleep health an important correlate
of physical and mental health. Our findings along with those of others [35–37] may be used by
public health stakeholders including policy makers, public health administrators and clinicians
to inform the development and implementation of effective interventions within the public
health system for women who are victims of IPV. On the basis of our findings and those of
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others, we argue that effective interventions must take into consideration the influences of IPV
victimization on women’s sleep health.
Addressing stress-related sleep disorders among pregnant victims of IPV in health care set-
tings might enhance safety planning and prevent the development of maternal mental and
physical health problems, as well adverse perinatal health outcomes that can arise from victimi-
zation. Preventive actions taken by obstetricians, public health and community health nurses,
such as early identification, and appropriate first response or intervention, may be crucial for
addressing the immediate and long-term effects of IPV. Of note, development and rigorous
evaluation of targeted and cross-culturally acceptable trauma-informed care for pregnant
women who have been victimized by physical and sexual violence is warranted.
Acknowledgments
The authors wish to thank the dedicated staff members of Asociacion Civil Proyectos en Salud
(PROESA), Peru and Instituto Materno Perinatal, Peru for their expert technical assistance
with this research.
Author Contributions
Conceived and designed the experiments: MAW. Performed the experiments: SES. Analyzed
the data: QZ BGMAW. Contributed reagents/materials/analysis tools: MAW. Wrote the
paper: SES SI BGMAW.
References
1. Breiding MJ, Smith SG, Basile KC, Walters ML, Chen J, Merrick MT. Prevalence and characteristics of
sexual violence, stalking, and intimate partner violence victimization-national intimate partner and sex-
ual violence survey, United States, 2011. American journal of public health. 2015; 105(4):e11–2. doi:
10.2105/AJPH.2015.302634
2. Sarkar NN. The impact of intimate partner violence on women's reproductive health and pregnancy out-
come. Journal of obstetrics and gynaecology: the journal of the Institute of Obstetrics and Gynaecology.
2008; 28(3):266–71. doi: 10.1080/01443610802042415 PMID: 18569465.
3. Garcia-Moreno C, Jansen HA, Ellsberg M, Heise L, Watts CH, Health WHOM-cSoWs, et al. Prevalence
of intimate partner violence: findings from theWHOmulti-country study on women's health and domes-
tic violence. Lancet. 2006; 368(9543):1260–9. doi: 10.1016/S0140-6736(06)69523-8 PMID: 17027732.
4. Cripe SM, Sanchez SE, Gelaye B, Sanchez E, Williams MA. Association between intimate partner vio-
lence, migraine and probable migraine. Headache. 2011; 51(2):208–19. doi: 10.1111/j.1526-4610.
2010.01777.x PMID: 20946432; PubMed Central PMCID: PMC3662491.
5. Han A, Stewart DE. Maternal and fetal outcomes of intimate partner violence associated with preg-
nancy in the Latin American and Caribbean region. International journal of gynaecology and obstetrics:
the official organ of the International Federation of Gynaecology and Obstetrics. 2014; 124(1):6–11.
doi: 10.1016/j.ijgo.2013.06.037 PMID: 24182684.
6. Johri M, Morales RE, Boivin JF, Samayoa BE, Hoch JS, Grazioso CF, et al. Increased risk of miscar-
riage among women experiencing physical or sexual intimate partner violence during pregnancy in
Guatemala City, Guatemala: cross-sectional study. BMC pregnancy and childbirth. 2011; 11:49. doi:
10.1186/1471-2393-11-49 PMID: 21733165; PubMed Central PMCID: PMC3150323.
7. Moraes CL, Reichenheim M, Nunes AP. Severe physical violence among intimate partners: a risk factor
for vaginal bleeding during gestation in less privileged women? Acta obstetricia et gynecologica Scan-
dinavica. 2009; 88(9):1041–8. doi: 10.1080/00016340903128439 PMID: 19639460.
8. Sanchez SE, Qiu C, Perales MT, Lam N, Garcia P, Williams MA. Intimate partner violence (IPV) and
preeclampsia among Peruvian women. European journal of obstetrics, gynecology, and reproductive
biology. 2008; 137(1):50–5. doi: 10.1016/j.ejogrb.2007.05.013 PMID: 17600610.
9. Rallis S, Skouteris H, McCabe M, Milgrom J. A prospective examination of depression, anxiety and
stress throughout pregnancy. Women and birth: journal of the Australian College of Midwives. 2014; 27
(4):e36–42. doi: 10.1016/j.wombi.2014.08.002 PMID: 25240846.
10. Walker R, Shannon L, Logan TK. Sleep loss and partner violence victimization. Journal of interpersonal
violence. 2011; 26(10):2004–24. doi: 10.1177/0886260510372932 PMID: 20587469.
Intimate Partner Violence and Sleep Disturbances in Pregnancy
PLOS ONE | DOI:10.1371/journal.pone.0152199 March 29, 2016 12 / 14
11. Campbell J, García-Moreno C, Sharps P. Abuse During Pregnancy in Industrialized and Developing
Countries. Violence Against Women. 2004; 10(7):770–89. doi: 10.1177/1077801204265551
12. Woods SJ, Kozachik SL, Hall RJ. Subjective sleep quality in women experiencing intimate partner vio-
lence: contributions of situational, psychological, and physiological factors. Journal of traumatic stress.
2010; 23(1):141–50. doi: 10.1002/jts.20495 PMID: 20143342.
13. PigeonWR, Cerulli C, Richards H, He H, Perlis M, Caine E. Sleep disturbances and their association
with mental health among women exposed to intimate partner violence. Journal of women's health.
2011; 20(12):1923–9. doi: 10.1089/jwh.2011.2781 PMID: 21988551; PubMed Central PMCID:
PMC3236986.
14. WHO. Promoting mental health: concepts, emerging evidence, practice: report of the World Health
Organization, Department of Mental Health and Substance Abuse [Accessed on 04/24/2015.]. Avail-
able: http://www.who.int/mental_health/evidence/MH_Promotion_Book.pdf. 2005.
15. Perales MT, Cripe SM, Lam N, Sanchez SE, Sanchez E, Williams MA. Prevalence, types, and pattern
of intimate partner violence among pregnant women in Lima, Peru. Violence Against Women. 2009;
15(2):224–50. Epub 2009/01/08. doi: 10.1177/1077801208329387 PMID: 19126836.
16. Barrios YV, Gelaye B, Zhong Q, Nicolaidis C, Rondon MB, Garcia PJ, et al. Association of childhood
physical and sexual abuse with intimate partner violence, poor general health and depressive symp-
toms among pregnant women. PloS one. 2015; 10(1):e0116609. doi: 10.1371/journal.pone.0116609
PMID: 25635902; PubMed Central PMCID: PMC4312043.
17. Gomez-Beloz A, Williams MA, Sanchez SE, Lam N. Intimate partner violence and risk for depression
among postpartum women in Lima, Peru. Violence and victims. 2009; 24(3):380–98. PMID: 19634363.
18. Kishor S. Domestic Violence Measurement in the Demographic and Health Surveys: The History and
the Challenges. Division for the Advancement of Women: 1–10. Availabale: http://www.un.org/
womenwatch/daw/egm/vaw-stat-2005/docs/expert-papers/Kishor.pdf. Accessed 2015 Apr 24.
19. Drake C, Richardson G, Roehrs T, Scofield H, Roth T. Vulnerability to stress-related sleep disturbance
and hyperarousal. Sleep. 2004; 27(2):285–91. PMID: 15124724.
20. Drake CL, Scofield H, Roth T. Vulnerability to insomnia: the role of familial aggregation. Sleep medicine.
2008; 9(3):297–302. Epub 2007/09/11. doi: 10.1016/j.sleep.2007.04.012 PMID: 17825612; PubMed
Central PMCID: PMCPmc2358982.
21. Nakajima S, Okajima I, Sasai T, Kobayashi M, Furudate N, Drake CL, et al. Validation of the Japanese
version of the Ford Insomnia Response to Stress Test and the association of sleep reactivity with trait
anxiety and insomnia. Sleep medicine. 2014; 15(2):196–202. doi: 10.1016/j.sleep.2013.09.022 PMID:
24380783
22. Drake CL, Friedman NP, Wright KP Jr, Roth T. Sleep reactivity and insomnia: genetic and environmen-
tal influences. Sleep. 2011; 34(9):1179. doi: 10.5665/SLEEP.1234 PMID: 21886355
23. Drake CL, Jefferson C, Roehrs T, Roth T. Stress-related sleep disturbance and polysomnographic
response to caffeine. Sleep medicine. 2006; 7(7):567–72. PMID: 16996309
24. Drake C, Richardson G, Roehrs T, Scofield H, Roth T. Vulnerability to stress-related sleep disturbance
and hyperarousal. SLEEP-NEW YORK THENWESTCHESTER-. 2004; 27(2):285–92.
25. Buysse DJ, Reynolds CF III, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: a
new instrument for psychiatric practice and research. Psychiatry research. 1989; 28(2):193–213.
PMID: 2748771.
26. Gelaye B, Lohsoonthorn V, Lertmeharit S, PensuksanWC, Sanchez SE, Lemma S, et al. Construct
validity and factor structure of the pittsburgh sleep quality index and epworth sleepiness scale in a
multi-national study of African, South East Asian and South American college students. PloS one.
2014; 9(12):e116383. Epub 2015/01/01. doi: 10.1371/journal.pone.0116383 PMID: 25551586;
PubMed Central PMCID: PMCPmc4281247.
27. Sanchez SE, Martinez C, Oriol RA, Yanez D, Castaneda B, Sanchez E, et al. Sleep quality, sleep pat-
terns and consumption of energy drinks and other caffeinated beverages among Peruvian college stu-
dents. Health. 2013; 5(8B):26–35. doi: 10.4236/health.2013.58A2005 PMID: 25243056; PubMed
Central PMCID: PMC4169115.
28. Zhong QY, Gelaye B, Sanchez SE, Williams MA. Psychometric Properties of the Pittsburgh Sleep
Quality Index (PSQI) in a Cohort of Peruvian Pregnant Women. Journal of clinical sleep medicine:
JCSM: official publication of the American Academy of Sleep Medicine. 2015. PMID: 25845902.
29. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J Gen
Intern Med. 2001; 16(9):606–13. Epub 2001/09/15. jgi01114 [pii]. PMID: 11556941; PubMed Central
PMCID: PMC1495268.
30. Spitzer RL, Williams JB, Kroenke K, Hornyak R, McMurray J. Validity and utility of the PRIME-MD
patient health questionnaire in assessment of 3000 obstetric-gynecologic patients: the PRIME-MD
Intimate Partner Violence and Sleep Disturbances in Pregnancy
PLOS ONE | DOI:10.1371/journal.pone.0152199 March 29, 2016 13 / 14
Patient Health Questionnaire Obstetrics-Gynecology Study. Am J Obstet Gynecol. 2000; 183(3):759–
69. Epub 2000/09/19. S0002-9378(00)78686-8 [pii]. PMID: 10992206.
31. Zhong Q, Gelaye B, Fann JR, Sanchez SE, Williams MA. Cross-cultural validity of the Spanish version
of PHQ-9 among pregnant Peruvian women: a Rasch item response theory analysis. Journal of affec-
tive disorders. 2014; 158:148–53. Epub 2014/03/25. doi: 10.1016/j.jad.2014.02.012 PMID: 24655779;
PubMed Central PMCID: PMC4004697.
32. Gilbody S, Richards D, Brealey S, Hewitt C. Screening for depression in medical settings with the
Patient Health Questionnaire (PHQ): a diagnostic meta-analysis. J Gen Intern Med. 2007; 22
(11):1596–602. Epub 2007/09/18. doi: 10.1007/s11606-007-0333-y PMID: 17874169; PubMed Central
PMCID: PMC2219806.
33. Humphreys J, Lee K, Neylan T, Marmar C. Trauma history of sheltered battered women. Issues in men-
tal health nursing. 1999; 20(4):319–32. PMID: 10624235.
34. Saunders DG. Posttraumatic stress symptom profiles of battered women: a comparison of survivors in
two settings. Violence and victims. 1994; 9(1):31–44. PMID: 7826934.
35. Svavarsdottir EK, Orlygsdottir B. Intimate partner abuse factors associated with women's health: a gen-
eral population study. Journal of advanced nursing. 2009; 65(7):1452–62. Epub 2009/05/22. doi: 10.
1111/j.1365-2648.2009.05006.x PMID: 19457003.
36. Hurwitz EJ, Gupta J, Liu R, Silverman JG, Raj A. Intimate partner violence associated with poor health
outcomes in U.S. South Asian women. Journal of immigrant and minority health / Center for Minority
Public Health. 2006; 8(3):251–61. Epub 2006/06/23. doi: 10.1007/s10903-006-9330-1 PMID:
16791535.
37. Newton TL, Burns VE, Miller JJ, Fernandez-Botran GR. Subjective Sleep Quality in WomenWith
Divorce Histories: The Role of Intimate Partner Victimization. Journal of interpersonal violence. 2015.
Epub 2015/01/15. doi: 10.1177/0886260514567961 PMID: 25586916.
38. Sinha SS. Trauma-induced insomnia: A novel model for trauma and sleep research. Sleep Medicine
Reviews. (0: ). doi: 10.1016/j.smrv.2015.01.008
39. Buckley TM, Schatzberg AF. On the interactions of the hypothalamic-pituitary-adrenal (HPA) axis and
sleep: normal HPA axis activity and circadian rhythm, exemplary sleep disorders. The Journal of clinical
endocrinology and metabolism. 2005; 90(5):3106–14. Epub 2005/02/25. doi: 10.1210/jc.2004-1056
PMID: 15728214.
40. Vgontzas AN, Bixler EO, Lin HM, Prolo P, Mastorakos G, Vela-Bueno A, et al. Chronic insomnia is
associated with nyctohemeral activation of the hypothalamic-pituitary-adrenal axis: clinical implications.
The Journal of clinical endocrinology and metabolism. 2001; 86(8):3787–94. Epub 2001/08/15. doi: 10.
1210/jcem.86.8.7778 PMID: 11502812.
41. Wright KP Jr, Drake AL, Frey DJ, Fleshner M, Desouza CA, Gronfier C, et al. Influence of sleep depriva-
tion and circadian misalignment on cortisol, inflammatory markers, and cytokine balance. Brain, behav-
ior, and immunity. 2015. doi: 10.1016/j.bbi.2015.01.004 PMID: 25640603.
42. Ellsberg MC, Winkvist A, Pena R, Stenlund H. Women's strategic responses to violence in Nicaragua.
Journal of epidemiology and community health. 2001; 55(8):547–55. Epub 2001/07/13. PMID:
11449011; PubMed Central PMCID: PMCPmc1731961.
Intimate Partner Violence and Sleep Disturbances in Pregnancy
PLOS ONE | DOI:10.1371/journal.pone.0152199 March 29, 2016 14 / 14
